Necrotic enteritis (NE) caused by Clostridium perfringens has emerged as an important disease associated with major economic losses in the poultry industry worldwide. The ban and voluntary withdraw of antimicrobial growth promoters used to control NE have resulted in resurgence of NE. Moreover, consumer demand for antibiotic free poultry product has continued to grow. The presence of the netB gene encoding for pore forming toxin in C. perfringens has been shown to be essential for pathogenesis of NE. The aim of this study was to characterize C. perfringens isolates recovered from broiler chickens affected by NE. A total of 230 isolates obtained from commercially raised broilers between 3 and 4 wk of age affected by NE were characterized using multiplex PCR (mPCR) and antibiotic susceptibility test. A subset of isolates (n = 75) were analyzed using pulsed-field gel electrophoresis (PFGE). Toxin typing using mPCR revealed that all C. perfringens isolates were toxinotype A. However, 68% (59 of 85) of the isolates from apparently healthy birds and 81% (119 of 145) from dead birds were positive for netB gene. Antimicrobial susceptibility testing using a disk diffusion method indicated that 53% of the isolates had a multidrug resistant profile that comprised of streptomycin, gentamicin, erythromycin, tetracycline, and bacitracin. PFGE analysis of 53 typeable isolates indicated a wide genetic relatedness even among isolate from the same state with the same antibiotic resistance profile. The results obtained from this study suggest that the presence of C. perfringens with netB gene in broiler chicken does not automatically result in death but other factors such as health of the bird before proliferation of virulent C. perfringens may be critical for development of NE.
INTRODUCTION
Clostridium perfringens (C. perfringens) is a Grampositive, spore forming anaerobic bacterium that is commonly found in nature and is a constituent of normal flora in the gastrointestinal tract of animals and humans (Miller et al., 2010) . C. perfringens is the major etiological agent of necrotic enteritis (NE), a disease in poultry, which is estimated to cost the poultry industry between $2 and 6 billion USD worldwide annually (McReynolds et al., 2004; Wade and Keyburn, 2015) .
C. perfringens strains are classified into five toxinotypes (A to E) based on their ability to produce four major toxins Alpha (α) beta (β) epsilon (ε) and iota (ι) (Yoo et al., 1997; Schlegel et al., 2012) . However, NE B like (NetB), which is a pore forming toxin produced by some strains of C. perfringens, have been shown to play a major role in the pathogenesis of NE. (Keyburn et al., 2008; Keyburn et al., 2010) . NE occurs in broiler chickens between the ages of 2 to 6 wk in 2 forms, clinical or subclinical . As described by Miller et al. (2010) , clinical NE in poultry is characterized by sudden increased mortality without any premonitory signs, whereas a subclinical form is associated with poor weight gain and feed conversion. The development of NE is not solely caused by infection with C. perfringens; predisposing factors that include diets high in non-starch polysaccharide grains (wheat, rye, and barley) and fish meal protein as well as coccidia infection have been shown to influence the outbreak of NE. (William, 2005; Collier et al., 2008; Timbermont et al., 2011; Moore, 2016) .
Over the years, antibiotics have been used as growth promoters known as antibiotics growth promoters (AGP) and also to control NE in poultry (McEwen and Fedorka-Cray, 2002; Collier et al., 2008; Lanckriet et al., 2010) . However, the ban of AGPs by the European Union in 2006, strict regulation and voluntary withdraw of AGPs to combat antibiotic resistant bacteria strains and increased consumer demand for antibiotic free meat, has resulted in re-emergence of NE in poultry (Ec, 2003; Van Immerseel et al., 2009; Marshall and Levy, 2011) .
Healthy birds have been shown to have a higher genetic diversity of C. perfringens compared to those suffering from severe NE (Nauerby et al., 2003; Lyhs et al., 2013) . Moreover, recent studies have shown most C. perfringens strains isolated from NE outbreaks are resistant to some of commonly used antibiotics such as gentamicin and streptomycin (Park et al., 2015) . Understanding the genetic characterization, toxinotype and antibiotic resistance profile of C. perfringens isolates responsible for outbreaks of NE may help to develop effective interventions to control this disease. Therefore, this study was carried out to determine the diversity, antibiotic resistance profile, as well as toxinotype of C. perfringens isolated from broiler chicken affected by NE.
MATERIALS AND METHODS

Sample Collection
A total of 230 samples comprising of fecal and ceca contents were obtained between April 2016 and October 2016, from commercially raised 3 to 4 wk old broiler chickens experiencing NE. In total, 3 flocks from 2 farms in Maryland, 4 flocks from 3 farms in Delaware, and 2 flocks from the same farm in Indiana belonging to different integrated broiler companies were included in this study. The term "apparently healthy birds" was designated for birds with no obvious signs of NE i.e., (depression, ruffled feathers, and diarrhea). Out of 230 samples, 85 cloacal swabs were obtained from apparently healthy birds within the flocks experiencing NE (Maryland; n = 28; Delaware n = 38; and Indiana n = 19). The remaining samples (n = 145) (Maryland, n = 50; Delaware, n = 70; and Indiana, n = 25) were obtained from dead birds of flocks affected by NE.
C. perfringens Isolation and Identification
Cloacal swabs and intestinal content were inoculated into 5 mL of brain heart infusion (BHI) broth and incubated at 37
• C in anaerobic vented jar and anaerobic gas generating packs (Mitsubishi Gas Chemical America Inc., New York, NY) for 24 h. Subsequently, 100 μL of pre-enriched BHI broth was spread on tryptose sulphite cycloserine agar base enriched with 5% egg yolk and supplemented with D-cycloserine (oxide Ltd., Cambridge, United Kingdom). Plates were overlaid with 10 mL tryptose sulphite cycloserine agar without egg yolk and incubated for 24 h at 37
• C under anaerobic condition. For identification and purity of C. perfringens, 3 to 4, well-isolated black colonies exhibiting lecithinase activity, presumed to be C. perfringens, were streaked on Columbia blood agar (Sigma-Aldrich, St. Louis, MO) containing 5% defibrinated sheep blood and evaluated for typical double zone hemolysis associated C. perfringens. Additionally, gram staining and lactose fermentation were used to confirm the identity of the C. perfringens. Isolates were preserved in BHI +24% glycerol at −80
• C.
Bacterial Reference Strains
In this study, reference strains, C. perfringens ATCC 13 124 (toxivar A), ATCC 3626 (toxivar B), ATCC 51 880 (toxivar C), ATCC 27 324 (toxivar E), were used as positive controls and Clostridium sordellii (ATCC 9714) was used as a negative control, in the multiplex PCR (mPCR).
mPCR for Toxin Screening
At least one isolate from each positive sample was selected randomly for mPCR. The template DNA for mPCR amplification was obtained from C. perfringens isolates by using the direct lysis method as described by Kim et al. (2011) . The PCR primers are shown in Table 1 . Multiplex PCR reactions were carried out using Go Taq green master mix (Promega, Madison, WI) with a Simpliamp thermal cycler (Applied biosystems, Foster City, CA) in a final volume of 25 μL. The PCR thermal condition included an initial denaturing step at 95
• C for 5 min, followed by 30 cycles of 95
• C for 30 s, annealing at 60
• C for 30 s, and extension at 72
• C for 30 s, and final extension of 5 min at 72
• C. Ten microliters (10 μL) of PCR product were separated by electrophoresis in 1.2% agarose gel stained with 0.5 μg/mL ethidium at 95 V for 1.5 h in 1X TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM EDTA). Gels were imaged using a UVP BioSpectrum Imaging System (UVP, Inc, Upland, CA).
Antibiotic Susceptibility Test
Antibiotic susceptibility of C. perfringens was carried out using the agar disk diffusion method on Muller Hinton agar (Becton, Dickinson and Company, Sparks, MD), in accordance with the guidelines of the Clinical and Laboratory Standard Institute (CLSI, 2014). The antibiotics were selected based on their use in poultry as well as human health. Well-isolated C. perfringens colonies plated on Columbia blood agar were selected and suspended in 0.9% sodium chloride solution to a 0.5 MacFarlane standard and streaked on Muller Hinton agar plates using a sterile cotton swab. The following antibiotic discs (BBL: Becton, Dickson and Company, NJ) were used in this experiment: ampicillin (10 μg), amoxicillin/clavulanic acid (30;20/10 μg), amikacin (30 μg) penicillin (10 μg), streptomycin (10 μg), erythromycin (15 μg), bacitracin (10 μg), cefepime (10 μg), gentamicin (10 μg), tetracycline (30 μg), and norfloxacin (10 μg). 
Pulsed-field Gel Electrophoresis (PFGE)
Molecular characterization of the C. perfringens using pulsed-field gel electrophoresis (PFGE) was done on 75 isolates. These isolates were selected based on their origin (Maryland, Delaware, and Indiana), antimicrobial resistance profile and absence or presence of the netB gene. The DNA plugs were prepared according to Maslanka et al. (1999) and the PulseNet protocol for C. botulinum (CDC, 2013) .
The genomic DNA was digested with 10 U of SmaI (Thermo Fisher Scientific, Carlsbad, CA) for 4 h at 25
• C. Electrophoresis of digested DNA was performed using a CHEF-DR III system (Bio-Rad laboratories, Richmond, CA) on a 1% SeaKem gold agarose gel (FMC Bioproduct, Rockland, Maine) in 0.5× Tris-borate and EDTA buffer (Life Technologies Grand Island, NY) at 14
• C. The run time was 18.5 h with a voltage of 6 volt per cm and a ramped pulse time of 0.5 to 40 s and field angle of 120
• . Salmonella Braenderup H9812 digested with 50 U of XbaI (Boehringer Mannheim, Indianapolis, IN) for 2 h at 37
• C was used as a DNA biomarker. After electrophoresis, the gels were stained for 25 min in 400 mL distilled water containing 40 μg/mL of ethidium bromide, and then the gels were washed twice for 15 min with distilled water and imaged using an image analyzer (UVP, biospecrum imaging system Upland, CA).
Statistical Analysis
The statistical significance in the prevalence of netB and tpel gene in C. perfringens isolates from the dead and apparently healthy birds from flocks experiencing NE was determined by student t test. A P-value of ≤0.05 was considered significant. Bionumeric software version 7.1 (Applied Maths NV, Sint-MartensLatem, Belgium) was used to analyze SmaI digested DNA. PFGE band patterns were generated using the unweighted-pair group method using arithmetic averages. Pearson coefficient with 1.5% tolerance and 0.5% optimization was used to determine similarity between isolates. All the isolates that could not be typed were excluded from the analysis.
RESULTS
Prevalence and Toxinotyping of C. Perfringens Recovered from Broiler Chickens Affected by NE
C. perfringens was prevalent in all the samples (n = 230) used in this study. Results from mPCR indicated that all C. perfringens isolates were type A. However, the prevalence of netB positive isolates was higher (P ≤ 0.05) in dead birds (81%; 119/145) compared to apparent healthy birds (68%; 59/85). The prevalence of the tpeL gene was also higher (P ≤ 0.03) in dead birds (9%; 13/145) compared to isolates from apparently healthy birds (2%; 2/85). Other toxin genes (beta, beta-2, enterotoxin, epsilon & Iota) associated with C. perfringens were not detected in isolates from either dead or apparently healthy birds.
Antibiotic Susceptibility
C. perfringens isolates exhibited resistance to multiple antibiotics. The prevalence of resistance was observed in streptomycin (98%), gentamicin (73%), erythromycin (67%), bacitracin (65%), and tetracycline (53). However, more than 80% of C. perfringens isolates were susceptible to cefepime, ampicillin, norfloxacin, and amoxicillin. (Table 2) 
PFGE Analysis of C. perfringens Strains
Out of 75 isolates of C. perfringens examined, 53 (71%) were successfully characterized by PFGE (Figure 1 ). The rest of the isolates 22 (29%) were non-typeable due to DNA degradation caused by strong nucleases associated with C. perfringens species (Maslanka et al., 1999; Alonso et al., 2005) . Use of SmaI restriction endonuclease yielded well-distributed bands that had a range of 35-1100 kb. Additionally, based on PFGE analysis the overall relatedness of all the typeable isolates was between 51 and 100%. The isolates did not cluster solely by state of origin (Delaware, Maryland, and Indiana) or any antibiotic resistant profile ( Figure 1 ).
DISCUSSION
Prevalence of C. Perfringens
Clostridial NE continues to pose challenges for the poultry industry worldwide. The characterization of the C. perfringens strains isolated from broiler flocks with NE in this study included: toxin genotype, genetic diversity, and antibiotic resistance. C. perfringens was prevalent in all the samples used in this study. These results can be explained by the fact that C. perfringens is a commensal bacterium found in gastrointestinal tract of animals and humans (Miller et al., 2010; Cooper et al., 2013) . According to McDevitt et al. (2006) , healthy birds usually contain less than10 5 colony forming units (CFU) of C. perfringens per gram of digesta; however, the proliferation of pathogenic C. perfringens strains to concentration of between 10 7 and 10 9 CFU per gram of digesta has been shown to cause NE outbreak.
Prevalence of netB and tpel Genes
All the C. perfringens strains in this study were characterized as type A. Fifty nine (68%) of the total 85 C. perfringens isolates from apparently "healthy" birds and 81% (119/145) from dead birds within broiler flocks experiencing NE were netB positive. Additionally, tpel gene was detected in 9% (13 of 145) and 2% (2 of 85) of the isolates obtained from dead and apparently healthy birds, respectively. These data were in agreement with Keyburn et al. (2010) , which reported that 70% (31/44) and 9% (4/44) of C. perfringens isolates from poultry affected by NE were positive for netB and tpeL genes, respectively. Similarly, Park et al. (2015) reported that dead chickens from NE cases had higher (P ≤ 0.05) incidence of netB positive C. perfringens isolates compared to healthy chickens, and only 11% (2/17) of the isolates were positive for TpeL toxin gene. Chalmers et al. (2008) reported that 95% (39/41) of C. perfringens isolates from broilers affected by NE and 35% (7/20) from healthy broilers were netB positive. These reports and the results from current study support the conclusion that netB is essential for pathogenesis of NE in broiler chicken.
Isolation of netB positive C. perfringens from healthy birds reported in previous studies and within this study does not diminish the fact that these isolates are virulent. When tested in a disease model study, netB positive isolates from healthy birds and other mammalian species were shown to cause NE (Smyth and Martin, 2010) . Consequently, although birds in the current study appeared healthy at the time of sampling, it does not rule out the potential of developing NE later. Healthy birds have been reported to have a high diversity of C. perfringens population that may constitute netB positive isolates in low numbers (Engstrom et al., 2003; Abildgaard et al., 2010) . However, NE being a multifactorial disease (William, 2005) implies that these virulent strains may require other predisposing conditions to proliferate to levels in which they can cause development of NE. Conversely, the role of tpeL toxin in NE outbreaks in broiler chickens is not well understood. But, as reported by Chalmers et al. (2008) , the tpeL gene present in C. perfringens type A and B are similar, but different from genes in C. perfringens type C. Nonetheless, due to low prevalence of tpeL positive C. perfringens in NE-affected broilers, more investigation is warranted to determine its role in the outbreak of NE in broiler chickens.
Antibiotics Resistance Profile
The use of antibiotics in animal feed to improve growth and inhibit pathogens growth has been well documented (Diarra et al., 2007) . However, antibiotic use in animal production has been under scrutiny due to the emergence of antibiotic-resistant bacteria (Bywater, 2005; Zhao et al., 2006; Kim et al., 2011; Wall et al., 2016) . The results of the current study indicated that most C. perfringens isolates (53%) had a multidrug resistance profile that included erythromycin, gentamicin, streptomycin, bacitracin, and streptomycin. Less resistance was observed to ampicillin, norfloxacin, and cefepime. Park et al. (2015) reported that C. perfringens strains isolated from NE cases were resistance to gentamicin, streptomycin, neomycin, apramycin, colistin and intermediate resistance to tetracycline, bacitracin, erythromycin, clindamycin trimethoprim-sulamethoxazole, and sulfisoxazole. In another study, 100% (n = 125) of C. perfringens isolates from broiler chickens were resistant to gentamicin, streptomycin, erythromycin, lincomycin, oxalinic acid, and spiramycin. Additionally, the authors reported a predominant multidrug resistant profile that comprised of gentamicin, streptomycin, oxalinic acid, lincomycin, and erythromycin and spiramycin (Osman and Elhariri, 2013). Chalmers et al. (2008) reported that 34% of the (n = 61) isolates from antimicrobial free birds, and 100% of C. perfringens isolates from conventional raised birds were resistant to bacitracin. Although antibiotic resistant genes to various antibiotics were not evaluated in this study, previous work has shown that antibioticresistant and virulence genes can be transferred between bacteria of the same species and other species (Aminov and Mackie, 2007; Diara et al., 2007; Shojadoost et al., 2010; Lacey et al., 2017) . Additionally, the use of antibiotics such as tetracyclines, penicillin, streptomycin, bacitracin, and gentamicin are approved as growth promoters in poultry production and have been used to control Gram-positive bacteria including C. perfringens (Diarra and Molouin, 2014) . This may explain the incidences of antibiotic resistance found in the current study. Although not used in this study, other antibiotics of significance in prevention and control NE include avilamycin, lincomycin, and virginiamycin (Lanckriet et al., 2010; Agunos et al., 2012; Chan et al., 2015; Paradis et al., 2016) . Future research should be conducted using these antibiotics.
Use of natural feed additive such as prebiotics, which stimulates the commensal flora growth and probiotic or direct fed microbial that prevent proliferation of pathogens have been shown to reduce incidences of NE (Patel and Goyal, 2012) . However, the levels of success have been inconsistent, and more research is needed to establish the combination of these antibiotic alternatives to provide better protection to birds (M'Sadeq et al., 2015) . Additionally, due to genetic diversity of C. perfringens, responsible use of these alternatives to antibiotics should be considered to avoid resistant C. perfringens strains to these novel products (Caly et al., 2015) .
PFGE Profile
In the present study, the aim was to determine if typeable isolates were genetically related using PFGE. Isolates determined to be netB positive or negative using mPCR from different geographical locations were used. Our PFGE data indicated a variable genetic diversity of the isolates that ranged from 51 to 100%. Reports from previous studies have indicated that birds affected by severe cases of NE are commonly dominated by the same PFGE type of C. perfringens (Nauerby et al., 2003; Gholamiadehkordi et al., 2006) . The production of bacteriocin by virulent strains against normal flora has been proposed to be a major cause for this phenomenon (Barbara et al., 2008; Timbermont et al., 2009; Timbermont et al., 2014) . However, C. perfringens strains genotyped in this study were all obtained from subclinical cases and our results would support the hypothesis that subclinical cases of NE tend to have more diverse clones of C. perfringens (Johansson et al., 2010) . Although genotyping of C. perfringens with PFGE has been documented (Johansson et al., 2006) , DNA sequencing of non-typeable strains in this study could have been of interest to establish if these strains were different from the typeable strains.
CONCLUSIONS
In summary, this study was carried out to characterize C. perfringens isolated from broiler chicken affected by NE. It has previously been reported that tpeL toxins can cause NE (Coursodon et al., 2012) . However, significant prevalence of netB gene in C. perfringens isolates from broiler chickens affected by NE suggest that netB toxin plays a critical role in pathogenesis of NE. Antibiotic resistance patterns of pathogenic bacteria such as C. perfringens can vary globally depending on local or national policy for the use of antibiotic. Therefore, increased surveillance of antibiotic resistant patterns for animal and humans pathogens should be considered to ensure proper treatment and less selection for resistance pathogens in general (Spigaglia, 2016) . Additionally, due to increased consumer demand for antibiotic free meat, as well as high genetic diversity and multidrug resistance profile of C. perfringens isolated from NE infected chickens, improvement of gut health by the use of antibiotic alternatives i.e., prebiotic, probiotic, organic acids, and vaccines to control NE should be considered to reduce the selection for antibiotic resistant bacteria.
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